Background: Whether sleep apnoea syndrome (SAS) subsides after biochemical and clinical remission of acromegaly is controversial. Objective: To assess the presence of SAS in a cohort of acromegalic patients, which included a subgroup with active disease and a subgroup in remission, and to evaluate clinical and biochemical independent predictors of SAS. Design: Cross-sectional and longitudinal study. Setting: Italian university department of internal medicine. Patients: About 36 acromegalic patients: 18 active and 18 controlled. Measurements: Polysomnography was performed in all patients and repeated in six with active acromegaly and SAS after achieving disease control. Echocardiographic parameters were also measured. Results: The prevalence of SAS was 47% in the overall acromegalic population: 56% in the active group and 39% in the controlled one. In a multivariate analysis IGF1, male gender, age, body mass index, and disease duration were associated with SAS. Impaired glucose tolerance or diabetes was more prevalent in patients with SAS, particularly in the severe cases. Among the six patients of the longitudinal study, five showed improvement of SAS, but none recovered. No correlation was found between echocardiographic parameters and severity of SAS. Conclusion: SAS can persist after recovery of acromegaly in several patients. Given the negative prognostic significance of this respiratory disorder, polysomnography should be included as routine procedure in the work-up of the acromegaly, even if in remission, being mandatory in those patients considered at high risk (elderly males, overweight, diabetic). Appropriate intensive treatment should be implemented to minimize the clinical impact of SAS in acromegaly.
Introduction
Sleep apnoea syndrome (SAS) is considered a common disorder in acromegaly, its frequency ranging from 45 to 80% of patients, according to different series (1-5). This severe complication represents an additional risk factor for cardiovascular disease and may contribute to the increased mortality observed in acromegaly (6) (7) (8) (9) (10) (11) .
Obstructive SAS is the prevailing form in acromegaly, while the central and mixed types are less frequent. Craniofacial deformations, hypertrophy of the pharyngeal soft tissue, macroglossia and mucosal thickening of the upper airways and bronchi are the main causes of the obstructive form. The pathogenesis of the central SAS is based on the central inhibition of the breathing centre probably due to the elevated levels of GH/IGF1 or to the enhanced somatostatin tone (1). The correlation between GH/IGF1 serum levels and severity of SAS is controversial and it is still unknown whether this comorbidity subsides after biochemical remission of the disease.
Many studies showed higher frequency of SAS in active acromegalic patients with a positive correlation with GH/IGF1 levels (3, 12, 13) . Conversely, in the study of Grunstein et al. (1) only the presence of central apnoea (CA), but not the degree of sleep apnoea, was associated with the disease activity. Risk factors for SAS were ageing (3, (14) (15) (16) (17) , male gender (4, 18) , body mass index (BMI) (16, 17) , disease duration (18) , neck circumference (3, 14) and tongue size (16, 19, 20) .
So far conflicting results have been reported regarding the reversibility of SAS after surgery or medical therapy. Rosenow et al. (14) found a relative high frequency of SAS in patients with treated acromegaly, at least of 21%, with a positive correlation with GH/IGF1 levels, age as well as neck and index-finger circumference as measures of soft tissue hypertrophy. Some studies showed significant improvement or cure of SAS after adenomectomy (18, (21) (22) (23) , while others found persisting nocturnal breathing abnormalities (24) or sleep apnoea in patients previously treated with pituitary surgery (4) or only slight to moderate improvement despite normalized or decreased hormonal levels (25) probably due to the irreversible changes of the craniofacial region and upper respiratory tract (5, 15, 19, 26) . Finally, there are many reports of relief of SAS during treatment with s.c. or long acting release (LAR) octreotide (16, 20, 26, 27) , although SAS can persist after normalization of hormonal levels (26, 28) .
The aim of this study was to assess the presence of SAS in a cohort of acromegalic patients which includes a subgroup with active disease and a subgroup in clinical and biochemical remission and to evaluate which clinical and biochemical parameters may independently predict the risk of SAS in acromegaly.
Patients and methods
This is a cross-sectional and longitudinal study carried out in a cohort of acromegalic patients recruited from a University Center between 2001 and 2007.
Cross-sectional study
Thirty-six patients (18 women, 18 men, mean (S.D.) age 52.11 (13.1) years) were enrolled in this study, after giving written informed consent. The diagnosis of acromegaly was established on the basis of high serum GH levels, not suppressible below 1 ng/ml after oral glucose load (in non-diabetic patients), and of high plasma IGF1 levels for age and sex (29) .
Eighteen out of 36 patients (mean (S.D.) age 55.4 (14.9) years) were affected by active disease (9 women and 9 men, mean S.D. GH 20.7 (26.7) ng/ml, mean S.D. IGF1 551.7 (220.1) ng/ml): 8 naïve, 4 after surgery alone, 1 plus radiotherapy, 1 plus radiotherapy and somatostatin analogues, 2 plus somatostatin analogues and 1 with cabergoline without radiotherapy, 1 with somatostatin analogues alone. The estimated median duration of disease activity from the onset of the symptoms to the time of polysomnography was 4.5 years (range 1-21 years). The mean (S.D.) BMI was 25.4 (3.7) kg/m 2 . Ten patients had arterial hypertension, treated with antihypertensive drugs. Seven patients had impaired glucose tolerance (IGT), whereas three had diabetes mellitus. Five patients had one or more pituitary hormone insufficiency, on adequate substitutive therapy and stable control (Tables 1 and 2 ).
Eighteen out of 36 patients (nine women and nine men, mean (S.D.) age 48.8 (10.4) years; mean (S.D.) GH 0.8 (0.6) ng/ml, mean (S.D.) IGF1 181.5 (56.2) ng/ml) had been definitely cured by transsphenoidal surgery alone (six cases) or plus radiotherapy (three cases) or had achieved biochemical remission on therapy with somatostatin analogues (nine cases), given alone (one case), after incomplete resection of the pituitary adenoma (three cases), plus radiotherapy (five cases). The estimated median duration of disease activity from the onset of symptoms to the normalization of GH/IGF1 was 4 years (range 1-14 years). The median remission duration, calculated from the time of normalization of GH/IGF1 levels to the time of polysomnography was 6.5 years (range 1-13 years). The mean (S.D.) BMI was 27.6 (5) kg/m 2 . Six patients had arterial hypertension, treated with antihypertensive drugs. Three patients had IGT, whereas two had diabetes mellitus. Nine patients had one or more pituitary hormone insufficiency, on adequate substitutive therapy and stable control (Tables 3 and 4) . 
Longitudinal study
Out of the ten patients with active acromegaly and SAS, six male patients (mean (S.D.) age 56.5 (12.4) years) repeated the polysomnographic study after achievement of biochemical control of the disease (complete in five, near complete in one). Three were naïve and three had already undergone surgery. The estimated median duration of disease from the onset of the symptoms to the time of polysomnography was 3 years (range 2-12 years). The remission was obtained by surgery alone in two patients, plus radiotherapy in one, plus somatostatin analogue in two, with somatostatin analogues alone in one. The median remission time was 3.5 years (range 1.4-4 years).
The mean (S.D.) of GH and IGF1 in active phase was respectively 30.5 (37.0) and 501.3 (238.6) ng/ml, and during the disease control was respectively 2.0 (1.5) and 164.2 (86.6) ng/ml, whereas BMI was respectively 27 (2) kg/m 2 and 27.6 (3.54) kg/m 2 . Two patients had arterial hypertension, treated with antihypertensive drugs, two patients had IGT, one diabetes mellitus and two pituitary insufficiency on adequate substitutive therapy (Table 5) .
Polysomnographic study
Overnight polysomnography, recording airflow at nose and mouth, chest and abdominal movement by plethysmograph, body position, heart rate, oxygen saturation and snoring, was performed between 2300 and 0800 h at least once in all 36 acromegalic patients with a portable device (Embletta-pds Somnologica, SapioLife, Reykjavik, Iceland). An apnoea was defined as a ten second breathing pause and a hypopnoea (HP) as a ten second event with continued breathing but reduced ventilation by at least 50% compared with the previous baseline during sleep. Apnoeas were further classified in obstructive apnoeas (OA): cessation of airflow in the presence of respiratory effort and CAs: cessation of airflow with the absence of respiratory effort. The diagnosis of SAS was established by the apnoea/HP index (AHI), calculated as the average of apnoeic and hypopnoeic events per hour of sleep. According to the literature (30) , an AHIR5/h was considered suggestive of SAS, defined as mild with AHI 5-14/h, moderate with AHI 15-30/h and severe with AHI O30/h.
Echocardiographic study
Transthoracic M-mode, 2-dimensional, pulsed Doppler and Color-doppler echocardiographic study was 
Hormone assays
Serum GH and IGF1 were determined by chemiluminescent immunometric assay (Immulite, DPC, Los Angeles, CA, USA). The analytical sensitivity of GH and IGF1 assay were respectively 0.01 ng/ml and 20 ng/ml and the intra-assay precision were respectively 5.6% and 11.5% in the standard curve range. Age related reference ranges (meanG2 S.D.) for IGF1 were 114-305 ng/ml for 20-40 years, 76-229 ng/ml for 41-65 years and 61-183 ng/ml for O65 years. Standards were calibrated against World Health Organization (WHO 80/505 (1 mgZ2.6 IU)) 1st international reference preparation (IRP) for GH and against WHO 87/518 for IGF1.
Statistical analysis
The results are expressed as means (S.D.). Two-sample Student's t-test was used to verify statistical differences between means. Multifactor ANOVA was used when appropriate. Linear (univariate and stepwise multiple regression analysis) and logistic regression analyses were used to evaluate the relationship between the variables considered. The c 2 test was used to compare frequencies. Values of P!0.05 were considered statistically significant. Statistical analyses were performed by using SPSS for Windows version 14.0 (SPSS Inc., Chicago, IL, USA).
Results

Cross-sectional study
On the basis of AHI 17 patients out of the whole population (47%), 7 out of 18 controlled subjects (39%) and 10 out of the 18 subjects with active disease (56%) were found to be affected by SAS.
There was no significant difference in GH/IGF1 levels between patients with or without SAS in each subgroup (active acromegalic patients: mean (S.D.) GH 16.5 (26.5) ng/ml versus 18.1 (23.2) ng/ml; IGF1 489.3 (234.3) ng/ml versus 572.5 (218.3) ng/ml; controlled patients GH 0.66 (0.37) ng/ml versus 0.86 (0.75) ng/ml, IGF1 187 (67.2) ng/ml versus 177.6 (50.4) ng/ml).
Five patients had severe SAS (mean (S.D.) AHI 47.5 (18.5)), six moderate (mean (S.D.) AHI 23.2 (4.58)) and six mild (mean (S.D.) AHI 8.9 (3.1)). The severe and moderate form of SAS was more frequent in the active group (respectively 3 and 5) when compared with the controlled group (2 and 1), while the mild form was prevalent in the inactive group (4 vs 2; Fig. 1 ).
The number of OA was significantly higher in the group with active acromegaly than the controlled group (mean (S.D.) 17.6 (19. 2)/h vs 3.8 (3.2)/h; PZ0.009). Also AHI mean values were higher in subjects with active disease, even though the difference was not statistically significant (mean (S.D.) 30.7 (21.6) vs 17.6 (11.0); Fig. 2 ).
Most patients with SAS showed OA (mean (S.D.) 11.9 (16.1)/h), or HP (mean (S.D.) 11.2 (6.2)/h), whereas only three had significant CA (mean (S.D.) 7.2 (0.9)/h).
Predictive factors: anthropometric and disease-specific parameters SAS occurred significantly more frequently in male than in female patients (12 men, 70.6%, 5 women, 29.4%, PZ0.019). Age significantly correlated with OA (PZ0.004) and AHI (PZ0.025), considering the whole population. Moreover, BMI significantly correlated with AHI (PZ0.01), HP (PZ0.003) and CA (PZ0.045). Disease duration correlated with AHI (PZ0.012) and HP (PZ0.021) in the group of patients with SAS.
In a multivariate analysis, in the overall population, age and BMI were independently associated with AHI (respectively PZ0.01, PZ0.002, r 2 0.34) and OA (respectively PZ0.003, PZ0.002, r 2 0.38), BMI also 
Effect of treatments
Among the group of controlled acromegaly no difference was found regarding the modality of treatment between the 11 patients without SAS (five only surgery, one surgery with radiotherapy, one surgery plus somatostatin analogues, four surgery plus radiotherapy and somatostatin analogues) and the seven patients with SAS (one only surgery, two surgery plus radiotherapy, two surgery plus somatostatin analogues, one surgery plus radiotherapy and somatostatin analogues, one only somatostatin analogues).
Effect of comorbidities
The presence of arterial hypertension did not correlate with CA, OA, HP and AHI.
Patients with IGT or diabetes had significantly higher number of HP (mean (S.D.) 12.4 (6.6) events/h versus 7.9 (4.4) events/h, PZ0.007) and CA (mean (S.D.) 2.57 (3.25) vs 1.58 (1.7) events/h PZ0.048). Also AHI mean values were higher in subjects with IGT/diabetes, even though the difference was not statistically significant (mean (S.D.) 29.1 (22.4) vs 18.1 (12.2) ).
The prevalence of diabetes or IGT was higher in the group with SAS (10 out of 17 patients) when compared with the group without SAS (5 out of 19 patients). This trend did not reach statistical significance (PZ0.06). Moreover, diabetes and IGT were more prevalent in the group with severe SAS (4 out of 5 patients) when compared with both groups with mild and moderate SAS (3 out of 6 patients). 2) ; HP 15.04 (6.1) events/h versus 9.6 (7.03) events/h, CA 2 (2.52) events/h versus 1.2 (1) events/h; Fig. 3 ). At the end of the study, two patients showed a change in the stage severity of SAS decreasing from moderate to mild. With the limitation due to the small number of patients, no correlation was found between the decrease of AHI, HP, CA and OA and that of GH/IGF1 levels and the remission time. The remaining four patients of this group did not repeat polysomnographic study because either disease was still active (nos 1 and 18) or they refused the examination (no. 14) or dropped out of the follow up (no. 4).
Echocardiographic parameters
Discussion
Our data show that SAS is a frequent (47%) comorbidity in the acromegalic population as a whole, confirming previously reported data (1-5). As expected, the prevalence of SAS was higher in the subgroup with active disease than in the subgroup in remission (55% vs 39%); in addition, SAS was less severe in patients of the latter subgroup. The relative high prevalence of SAS in the acromegalic patients with inactive disease has already been observed by some authors who reported percentages ranging from 21 to 58% (4, 14, 15, 28). Pelttari et al. (24) found persistence of nocturnal breathing abnormalities in 10 of 11 patients after pituitary GH-adenoma resection, nine of whom were controlled at the time of the study.
Unfortunately, we could not perform baseline polysomnography during the previous active phase of the disease in the majority of inactive acromegalic patients with SAS so we cannot know whether the normalization of GH/IGF1 had at least reduced severity of SAS. In 6 out of 10 patients who could undergo polysomnography during the active phase of the disease and after normalization or near normalization of GH/IGF1, 1.4-4 years later, SAS subsided but did not disappear. In one patient this disorder persisted in spite of biochemical remission of the disease.
In our study, the way used to achieve disease remission does not seem to affect the persistence of SAS since the prevalence of patients suffering or free from this disorder was not significantly different in the subgroup who underwent surgical treatment alone and in the subgroup who received other treatments (somatostatin analogues and/or radiotherapy) in addition to the operation. In this regard, however, it has been recently reported that treatment with somatostatin analogues, associated with neurosurgery, leads to additional improvement of cardiac parameters, when compared with neurosurgery alone (33) . Therefore, it cannot be ruled out that the same positive effect of medical therapy could be observed also on SAS parameters if the sample size of medically treated patients, either in active or in inactive phase, was larger.
It has been reported in literature (14, 16) a significant correlation between IGF1 levels, soft tissue swelling and tongue volume which could account for obstructive SAS. In this regard, no significant difference in GH/IGF1 levels could be observed between patients with and without SAS in both active and inactive groups. However, in a multivariate analysis, on the overall population, IGF1 levels were found to be an independent predictive factor for the development of SAS of obstructive origin. These discordant results may be due to the small number of patients in each subgroup and to the interference of other pathogenic factors involved in causing this complication. In fact, we found that the variables that predict SAS in our acromegalic population are the same which predict SAS in the general population, i.e. age, male gender and BMI (34, 35) .
Moreover, we found that the estimated active disease duration was an independent predictor of SAS. Since the obstructive component of SAS was predominant, it can be assumed that the irreversible craniofacial deformations occurring in the previous active phase may account for the persistence of the apnoeic episodes after biochemical control, as already shown by some authors (5, 15, 19, 26) . This hypothesis could also explain why, in our experience, the duration of disease remission among the subgroup of controlled acromegalic patients does not correlate with the presence of SAS. However, it could be supposed that periods of disease remission longer than what we observed could be necessary to completely reverse SAS.
These results have important clinical implications since they strengthen the need for early diagnosis and aggressive treatment of the disease.
In our series, diabetes or IGT were more prevalent in patients with SAS, especially in the severe forms. Although this was an expected finding, at least in active patients, due to the known diabetogenic effect of GH (6), a high prevalence of glycometabolic problems seems to be associated with SAS also in the controlled subgroup. In this latter, given the normal GH levels, it cannot be excluded that the impairment of insulin secretion due to somatostatin analogues may contribute to glucose metabolism derangement. In fact, among the patients receiving somatostatin analogues, four out of four patients in the active and four out of nine patients in the controlled group had either IGT or diabetes. Alternatively, it could be speculate, in agreement with current literature (36) , that SAS itself may be independently associated with IGT and may predispose to the development of type 2 diabetes mellitus, by decreasing insulin secretion and increasing insulin resistance.
Diabetes has been reported to be an independent predictor of mortality in acromegaly (37) and also SAS could have a negative impact on life expectancy. Therefore, simultaneous presence of these two comorbidities, regardless of their causal link, should not be underestimated, even in cured acromegalic patients, and it should lead to additional specific treatments of both complications including diet, physical activity, antidiabetic drugs and, when indicated, Continuous Positive Airway Pressure (CPAP).
It is well known that SAS is associated with several cardiovascular disease conditions, even if a causal relationship remains to be proven (38) and long-term CPAP studies have shown several cardiovascular benefits (9) . Although in our study, the presence of SAS does not seem to influence echocardiographic parameters, it is reasonable to suppose that improvement of SAS may contribute to better long-term cardiovascular prognosis also in acromegalic patients.
In conclusion, our data demonstrate that SAS can persist after recovery of acromegaly in a relative high percentage of patients. Several anthropometric, clinical and biochemical features of acromegaly can independently predict the risk of developing SAS. In particular, circulating IGF1 levels, BMI, male gender, age and disease duration are independently correlated with the presence of SAS. Moreover, diabetes or IGT was more prevalent in patients with SAS. Given the great relevance of disease duration on SAS occurrence, a rapid therapeutic effect seems to play a crucial role in preventing this severe complication.
We suggest that, considering the negative prognostic significance of this respiratory disorder, polysomnography should be performed at least once in every acromegalic patient, even if controlled, and it becomes mandatory in patients who are considered at high risk (elderly males, overweight, IGT, diabetic).
Furthermore, once the diagnosis of SAS is established, appropriate intensive treatment (somatostatin analogues, GH antagonist, antidiabetic, CPAP) and close monitoring of clinical parameters should be performed to minimize the clinical impact of SAS in acromegaly.
